ABSTRACT. The aim was to observe the relationship of pacemaker programming and patients' outcome in an unselected population of recipients in real-world practice. Pacemaker programming at hospital discharge and at scheduled follow-up visits was recorded and classified as physiologic based on simple principles: avoidance of unnecessary ventricular stimulation in patients without atrioventricular block, avoidance of unnecessary atrial stimulation in those without sinus node dysfunction, rate increase in those with chronotropic incompetence, and avoidance of hypotension-related symptoms. All-cause 2-year mortality was the primary endpoint; atrial fibrillation (AF) episodes leading to unplanned visits/hospitalizations was the secondary endpoint. A total of 1740 patients were followed for 24 ± 3 months, 89% had DDD(R) pacemakers; physiologic programming was not associated with better survival, but it was associated with a lower incidence of AF episodes in the 810 patients with AV block as primary pacemaker indication (6.5% versus 11%, po0.01). Physiologic pacemaker programming occurred in only 41.4% of patients at hospital discharge; reprogramming towards a physiologic setting occurred in 8.7% at follow-up, mainly (76%) within the first 6 months. Physiologic programming is associated with a lower incidence of AF episodes in AV block patients beyond maintenance of AV synchrony. Proactive pacemaker behavior to increase physiologic programming should be considered, in view of physicians' reluctance to change programming from shipment settings.
Introduction
Over the past decades, cardiac pacing has become a wellestablished treatment for symptomatic bradyarrhythmias. Because of advances in technology, the goals of permanent pacing are no longer confined to the prevention of syncope, but are also focused on improving quality of life and decreasing cardiovascular morbidity. Over the past decades several landmark trials have compared a number of cardiovascular outcomes among patients randomized to different pacing modalities. [1] [2] [3] [4] [5] However, only recently a general consensus on the optimal recommended pacing mode for selected rhythm disorders has been agreed and incorporated into a statement on pacemaker (PM) mode selection from HRS/ACCF. 6 Dualchamber pacing or single-chamber atrial pacing is recommended over single-chamber ventricular pacing in patients with sinus node dysfunction, and for patients with atrioventricular block (AVB) except in specific clinical situations (e.g. sedentary patients or those with multiple comorbidities). Beyond pacing mode selection, several specific programmable options are available in modern PMs, in favor of pacing mechanisms that could mimic the physiologic function of the heart. These include an optimized management of the programmed pacing rate (lower rate, rate hysteresis, rate responsiveness), of atrioventricular (AV) conduction (automatic search of intrinsic AV conduction or reversion from AAI to DDD mode), and other specific algorithms for reduction of symptoms. However, benefit from ''physiologic pacing'' has not been conclusively demonstrated in any of the landmark clinical trials. The OPTI-MIND (Clinical Outcome of Pacemaker paTIents according to pacing Modality and primary INDications) study was designed to collect data on midterm clinical outcome for PM patients and to stratify both clinical characteristics and outcome of these subjects based on the ''real-world'' choice of devices and their settings when analyzed with respect to a theoretically ''physiologic programming.''
Methods

Study design
OPTI-MIND is an observational, prospective, multicenter, single-arm cohort study (ClinicalTrials.gov Identifier: NCT00976482). The OPTI-MIND study is aimed at collecting data on device programming management and mid-term clinical outcomes according to real-world clinical practice in a group of patients implanted with a permanent PM (ALTRUA, Boston Scientific Corporation, Marlborough, MA) according to current practice. Patients were followed for a period of 2 years after enrolment according to the schedule and standard practice at the enrolling centers after signing an informed consent as per the local EC recommendations. The primary endpoint of the study was to document the 2-year all-cause mortality, in the whole cohort and stratify per patient characteristics, and per the chosen pacing modality against a specific set of device programming (physiologic pacing setting) on the basis of the primary indications for PM implant.
A pre-specified set of device programming options was identified in order to classify pacing modality as ''physiologic'' or ''non-physiologic'' in all subjects based on the following guiding principles: maintenance of AV synchrony, avoidance of unnecessary right ventricular (RV) stimulation in patients without AVB, avoidance of unnecessary atrial stimulation in patients without sinus node dysfunction (SND), rate increase during exercise, and avoidance of hypotension-related symptoms. These conditions were translated into defined PM programming options, each one specific to a patient's primary rhythm disease (i.e. primary reason for implant), concomitant rhythm disturbances, and the presence of concomitant chronotropic disease, as summarized in Table 1 . These criteria were used as a surrogate definition of physiologic pacing and used together with clinical variables to stratify clinical events of primary endpoint. According to the pre-specified secondary study endpoints 7 we investigated 1) the difference in the composite of cardiac cause mortality or first cardiac-related hospitalization between groups programmed with physiologic versus non-physiologic settings at baseline; 2) incidence at 2 years of documented atrial fibrillation (AF) episodes associated with any unplanned hospital visit, including hospitalizations for symptoms and/or treatment of AF in the subgroup of patients without AF as the primary rhythm disease at enrolment; 3) comparison between pacing settings at discharge and final programmed pacing parameters at 2 years; 4) clinical development of indications and/or upgrade to implantable cardioverter-defibrillator (ICD) or cardiac resynchronization device (CRT). Details on study design, together with analysis of baseline data have been previously published. 7 Baseline device programming settings obtained at a subject's enrollment, occurring per study protocol in between 1 and 15 days since device implant were used to define patients programmed to physiologic pacing setting or not. Modifications in device programming during follow-up leading to a potential change of group were analyzed by comparing final programming setting (at 2 years or latest available) to the original one. Analysis of all study endpoints considered data collected up to 2 years after enrollment. In order to reliably capture patient status at the study end, without forcing a specific visit due to the observational design, a follow-up window of 24 ± 3 months was considered acceptable for documenting the patient vital status at study end.
Statistical analysis
The primary endpoint was calculated by using a KaplanMeier estimate at an alpha-level of 0.05. There was no formal statistical hypothesis for the primary endpoint: an 11% all-cause mortality incidence at 2 years was assumed per protocol. The aim was to achieve a precision of 3.2% (a distance from the proportion limit: 1.6%) for the estimate of all-cause mortality in the entire group of enrolled patients. Death was considered as a study primary event and device upgrade was considered as censored data at the time of the occurrence. The log-rank test was used to evaluate differences in all-cause mortality and the composite of first cardiac-cause hospitalization or mortality with respect to physiologic and non-physiologic programming at baseline. Cox proportional hazards model were used to analyze multivariate association of all-cause mortality and new-onset atrial tachyarrythmias (in the subset of patients with AV block), with physiologic pacing setting ( Table 1) , adjusted for a set of pre-defined variables: gender, age 480 years, primary indication for pacing (SND, AVB, permanent AF with slow ventricular response, neuro-mediated syndrome), left ventricular ejection fraction (LVEF), underlying cardiomyopathy, number of associated diseases (41 of hypertension, diabetes, renal disease, chronic pulmonary disease, peripheral artery disease, other malignancies, or chronic diseases), resting heart rate at baseline, atrial based pacing mode. Variables associated with the clinical events with a po0.1 on univariate analysis were used in the model. The physiologic pacing group was classified according to device programming at enrolment, regardless of changes occurring during follow-up (intention to treat analysis). The lower bound of the confidence interval was compared to 1. The sample size of the study was sufficient to detect a minimum difference of 8.50% versus 12.85% between the physiologic and the non-physiologic pacing setting, with a two-sided significance level (alpha) of 0.05, an 80% power and an exponential drop-out rate of 0.075 (per year). Descriptive statistics were used to summarize the observational data collected in this clinical study. For continuous variables the mean, standard deviation, and ranges may be used to represent the data. For discrete variables, frequency distributions may be presented. Parametric and non-parametric statistical tests were performed when appropriate. The analysis will be of an exploratory nature and performed continuously. Statistical analyses were conducted using SAS version 9.1 (SAS Institute, Cary, NC).
Results
Enrollment and baseline data
A total of 1740 subjects were enrolled in the study at 68 centers worldwide between September 2009 and June 2011. A summary of basic demographics, medical history, and clinical characteristics is reported in Table 2 : 693/ 1674 (41.4%) subjects received a physiological pacing setting at the baseline visit. 7 Among the 981 patients not programmed with physiologic settings, causes of nonphysiological pacing included absence of AV synchrony through the appropriate pacing mode (183, 10.9%); no avoidance of unnecessary right atrial pacing (with lower rate limit equal or above 60 ppm) in subjects without sinus node dysfunction (440, 26.3%); no avoidance of unnecessary RV stimulation in subjects without AV conduction block (178, 10.6%), and absence of a rate increase during exercise with a rate responsive function (180, 10.8%). As previously reported, 7 there were no 
Follow-up and clinical outcome
During the course of the study, from enrollment until last follow-up (24±3 months) and up to 831 days of enrolment period, 208 (11.9%) patients died, and 45 (2.6%) withdrew from the study. Withdrawals included device explant because of upgrade to ICD or CRT (24, 1.3%), patient voluntary withdrawal (11, 0.6%), patient loss to follow-up (10, 0.5%). Among the 208 deaths recorded in the database, 194 (11.1%) occurred within a 24-month window after subject enrollment and were used for primary endpoint analysis. This resulted in a total 11% incidence at 2 years, consistent with the original protocol assumption. Cause of death was identified as cardiac in 51 cases (2.9%), noncardiac in 86 (4.9%), and unknown in the remaining 71 patients (4%). None of the deaths was related to implanted device malfunctions. No unanticipated adverse device effects or serious adverse device effects were identified in the present study. All-cause mortality along the 2 years of follow-up is reported in Figure 1 . The multivariate Cox proportional hazards model for 2-year all-cause mortality identified older age and compromised ejection fraction as independent predictors of mortality ( 
Changes in device programming
Enrolled subjects underwent a median of three ambulatory visits (interquartile range, 2-4) during the 2 years of follow-up in the study, with 55% of them having the first visit within 3 months from enrollment, 21% between 3 and 6 months and 24% after 6 months. During ambulatory visits, a programming change of one or more of the studyrelevant pacing parameters occurred in 335 patients (19.2%). Changes included pacing mode modification (except rate response changes) in 76 patients (4.3%), lower rate limit change (above or below the 60 ppm rate) in 103 (5.9%), minimum/maximum AV delay or AV interval search function modification in 199 (11.4%), rate hysteresis activation/deactivation in 80 (4.6%), rate response turned on/off in 217 (12.5%), and rate response optimization in 42 (2.4%). Among these changes, the modified settings resulted in an optimization toward physiologic pacing in 147/335 patients only (44%), the majority of the reprogramming (112/147, 76%) occurring within 6 months from enrolment. The factors determining the switch to physiologic pacing are presented in Figure 3 , the main being the activation of rate response in patients with permanent AF at baseline.
Discussion
This study reports on PM programming in the current practice of cardiac stimulation over an unselected cohort of patients. We observed that PM programming is driven neither by the pathophysiology of rhythm disease nor by recently published recommendations. 6 Indeed, only 46.6% of patients with SSS and 28% of AVB patients in sinus rhythm received a strictly physiologic programming according to the generic principles of maintenance of AV synchrony, avoidance of unnecessary atrial/ventricular pacing when not indicated, allowance of rate increase in chronotropically incompetent patients. 7 Physiologic programming was not associated with increased mortality or hospitalizations. However, in the subgroup with AVB as primary rhythm disease, physiologic pacing was associated with a lower incidence of new-onset atrial tachyarrhythmias. As the primary study endpoint was not met, the results about secondary endpoints should be interpreted cautiously and as hypothesis-generating, given the exploratory and nonrandomized nature of the design.
Mortality and predictors
At multivariate analysis all-cause mortality was associated with older age and LV systolic dysfunction and not with physiologic programming. Physiologic programming occurred most frequently in patients with SND and with AF as primary rhythm disease, whereas non-physiologic pacing was more frequently observed in patients with AVB, 7 showing that evidence-based indications have a partial impact on pacing mode selection and device programming for SND patients, while non-physiologic pacing is more common in AVB patients. Indeed, AV synchrony was not maintained in 10% of AVB patients and unnecessary atrial stimulation was delivered in 59%. 7 Although loss of AV synchrony was unevenly distributed across the primary rhythm indications for pacing, it accounted overall for only 11% of patients. 7 As loss of AV synchrony is reported to be the major determinant of cardiovascular and total mortality in patients without permanent AF, 8 the limited proportion of these cases found in the study may reasonably explain the lack of association between physiologic programming and all-cause mortality. Also in our population, no association was found between the intrinsic rate recorded before PM implantation (4 or o 50 bpm) and mortality ( Table 3) , possibly due to the high level of maintenance of AV synchrony and of avoidance of unnecessary RV stimulation observed across the whole patient population. 7 This is in agreement with the observations stemming from both the CTOPP and the MOST sub-studies. 8, 9 Device programming and AF Our definition of physiologic pacing also comprised avoidance of unnecessary atrial/ventricular stimulation and allowance of rate increase in the event of chronotropic incompetence according to the patient's profile. We observed that physician behavior at reprogramming from shipment parameters towards a strictly physiologic setting is different in AVB patients with respect to other rhythm diseases. 7 Beyond lesser maintenance of AV synchrony, unnecessary atrial stimulation occurred in 59% of AVB patients because of an unchanged lower rate. Both aspects were strongly associated with an increased AF incidence (Table 4) , with a low AF occurrence early in the follow-up period in subjects programmed with physiologic pacing (Figure 2) . It is known that AV synchrony and avoidance of unnecessary atrial stimulation ensure optimal diastolic filling of the left ventricle [10] [11] [12] and prevent atrial dyssynchrony, [13] [14] [15] thereby decreasing AF incidence. Optimization of diastolic filling time is a key factor to ensure clinical response to CRT, 11 but is most frequently disregarded in AVB patients. Indeed, the occurrence of atrial stimulation at the lower rate may create interatrial dyssynchrony with a ''functionally short'' AV delay and a truncated or absent A wave 12 as in Figure 4 , resulting in increased left atrial pressure. The extent of suboptimal hemodynamics related to an untailored paced AV delay is presently unknown in medical literature, and may also have played a role in randomized studies which failed to demonstrate a mortality benefit of dual-chamber versus single-chamber stimulation. 1, 2 The achievement of an appropriate diastolic filling by AV delay optimization has emerged also in SSS, DDDR pacing having a lower incidence of AF than AAIR pacing in the DANPACE study. 16 Regretfully, in AVB patients the pacing rate is not lowered to allow VDD pacing and paced AV delay is not targeted to ensure the best diastolic filling. Indeed, the paced AV delay and the shipment offset between paced and sensed AV delay differ among manufacturers, may show individual differences among Figure 1 : Two-year all-cause mortality cumulative incidence according to physiologic pacing settings. patients, are strongly dependent on interatrial conduction that is only sporadically considered, and are only rarely changed at follow-up. As expected, an intrinsic rate 450 bpm before PM implantation was linked with higher incidence of new-onset atrial arrhythmias, since avoidance of unnecessary RV pacing and optimization of diastolic filling at the lower rate by AV delay programming may not have occurred, as in agreement with the MOST and CTOPP 8, 9 observations and CRT lessons. [10] [11] [12] Indeed, only 11.4% patients had AV delay reprogramming towards a more physiologic setting during follow-up.
Pacemaker reprogramming during follow-up
An additional exploration of these data investigated how device programming changes over time, according to current clinical practice. Patients in this study were followed with a median of three in-clinic follow ups over a 2-year timeframe, with first visit occurring in approximately half of the subjects within 3 months from enrollment. However, when looking at programming changes and device setting during follow-up, only 147 (8.4%) of the patients underwent a programming change toward physiological programming. Furthermore, when analyzing specific device setting changes in these patients, the principal adjustment was activation of rate response in patients with permanent AF (49/147; 33%), while only the minority of the subjects underwent a change to achieve a substantial enhancement of physiologic pacing: in patients with AVB and without SND the paced AV was reprogrammed in 19/147 (13%), and the LRL was lowered below 60 ppm in 24/147 (16%). Additionally, most of these changes (76%) occurred within 6 months of enrollment. This picture shows that little attention is paid to device optimization, the majority of reprogramming occurring at the time of implant, or at the earliest follow-up visit. Consistently with this finding, in the AUTOMATICITY trial 17 PM algorithm reprogramming occurred rarely, and was not driven by a patient's clinical needs in one-third of cases.
Study limitations
The relevance of our study is limited by the nonrandomized design of the study and absence of hypothesis testing. However, the value of the Registry stems from the strong adherence to the real clinical practice of cardiac stimulation in a broad unselected population across different countries.
Conclusions
The OPTI-MIND study showed that in current clinical practice, a ''physiologic,'' as per this study definition, programming of PM at baseline visit did not increase overall survival, AV synchrony being maintained in 89% of patients with sinus rhythm. On the contrary, the physiologic PM setting was associated with a lower AF incidence in AVB patients. The behavior of physicians shows reluctance at device re-programming towards a more physiologic setting during follow-up of patients, the main parameters changes occurring within the first Figure 2 : Two-year incidence of atrial fibrillation or tachycardia in the subgroup of subjects with atrioventricular block as primary rhythm disease according to physiologic pacing settings. 
